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Abstract

TRANSIMS (Transportation Analysis and Simulation System) is
an integrated system of travel forecasting models designed to
give transportation planners accurate, complete information on
traffic impacts, congestion, and pollution. The underlying
TRANSIMS philosophy is that individual behaviors and their
Interactions, as constrained by the transportation system,
generate the transportation system’s performance. To effect
that performance in a simulation, individual behavior must be
modeled. This presentation provides an overview of the
algorithms used in TRANSIMS.

Los Alamos National Laboratory is leading this effort to develop these new
transportation and air quality forecasting procedures required by the Clean Air Act,
the Intermodal Surface Transportation Efficiency Act, and other regulations; it is part
of the Travel Model Improvement Program sponsored by the U.S. Department of
Transportation, the Environmental Protection Agency, and the Department of Energy.
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TRANSIMS Approach

= Virtual metropolitan region created comprising complete
representation of a region’s . . .

 individuals
e activities
« transportation infrastructure
= trips planned to satisfy individuals’ activity patterns

= movement of individuals across transportation network
simulated on a second-by-second basis

 realistic traffic dynamics produced from interactions of
individual vehicles

» vehicle pollutant emissions and fuel consumption estimated
= models iterated
« stabilizes simulation

» allows travelers to react to information about the satisfaction of
their preferences
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Major TRANSIMS Components

Households €——— Routes e

and and psimulation
Activities — Plans >

L 1]

MODELS3 4 — = = Emissions
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Iteration and Feedback in TRANSIMS

= feedback is required to stabilizea mmw e
nonlinear system i

= the iteration process lets
activities, route plans, and traffic
converge to quasi-equilibrium

= some experiments/studies need L
to control the flow of information e e, Y
among TRANSIMS components e ET
between iterations =
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= Creates a regional
population imitation
 demographics
closely match real
population
* households are
distributed spatially
to approximate
regional population
distribution
= synthetic population’s
demographics form

basis for individual and

household activities
requiring travel

TRANSIMS

Population Synthesizer

Population
Synthesizer

Synthetic Households
e |ocation
* block group

Synthetic Persons
gender

age

schooling
employment (type, location,
hours)

transportation

income

Vehicles
vehicle id
household
initial network location
type of vehicle

Page 6 of 33



Population Synthesizer: Algorithm

Network Data

Synthetic
Households
Synthetic
Persons

select demographics
and assemble
summary tables draw households
from multiway tables
in census tracts

construct PUMA- estimate multiway
based multiway table == table for each census

of demographics tract

choose geographic
level of detail
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Example Block Group (#312002) in Portland, Oregon

households

49

block group

40

33

31 34 19 37

¢ 38 32 19 28 702 126

= streets

TRANSIMS Page 8 of 33



Activity Generator

m Creates...

* household and
individual activities
* activity priorities
e activity locations
e activity times
 mode and travel
preferences

= (generates travel
demand sensitive to
demographics of
synthetic population

= activities form basis for
determining individuals’
trip plans for the region

Activities
participants

activity type

activity priority
starting time, ending time,
duration (preferences and
bounds)

* mode preference

vehicle preference
possible locations

Activity
Generator
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Synthetic
Population

Household
Activity Survey

Network Data

TRANSIMS

Activity Generator: Algorithm

match synthesized
households with survey
households using
regression keyed on
household
demographics

choose activity times
by randomizing survey
household times

f

create skeletal activity
patterns by stripping
locations from survey

and organizing via trips

generate trip chains
and activity locations
using continuous
gravity model based on
synthesized household
location

handle commercial
activities and itinerant
travelers through
origin-destination

matrix methods
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Example Prediction Tree Using Household Demographics

all households

li

TRANSIMS

- |_workers=0 | | |__persons=1 | | [ _hhage<385 ]
4' hhage >= 38.5 I
- | persons=2
—l hhage >= 53 |
L4 persons>=3 |
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| workers=2 | - persons=2 |
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| | | hhage <53 }—E: income <55 |
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Example Activities in Portland, Oregon

first person in household
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Route Planner

= (generates regional
individual activity-based
travel demand by
assigning activities,
modes, and routes to
iIndividuals in the form of

Traveler Plans

vehicle start and finish

parking locations

* vehicle path through network

* expected arrival times along
path

* travelers (driver and
passengers) present in

tnp p|ans vehicle
_ - traveler mode changes
= trip plan selection Route
related directly to each Planner

individual’s goals

= individual trip plans form
basis for traffic
simulation that accounts
for interactions among
travelers
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Route Planner: Algorithm

Link Travel

find the path in the

layered graph with
minimum generalized
cost that satisfies the
traveler's constraints

express the optimal path
as a series of legs for the
traveler’s plan

f

convert activity
preferences for a traveler
into a constraint (an
expression in a formal
language) for the graph

Transit Data

decompose the
transportation network
into a layered graph

mn

Network Data

TRANSIMS
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Example Layered Multi-Modal Network
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Formal Language for Mode Preferences

m Symbols represent different modes:

o w="walk,” c="“car,” b="bus,” | ="“light rail,” t = (b|l) = “bus or light rail”
m A series of symbols expresses a mode preference:

e wcw = “walk, then drive a car, then walk”

o wctw = “walk, then drive to a transit stop, then take transit, then walk”

* Dblb =“ride bus, then transfer to light rail, then ride bus”
° W= “Only Walk" activity activity activity
locati locati locati
- Each mode walk network ocation ocation ocation

transfer passes
through a process  generalized

incurred during

) ) costs are _____»o0O

link where time incurred during o E
and other costs mode transfer F
transit 0
] stop O

are incurred. bus network § A time delays are
o

generalized I mode transfer

costs are
incurred during
mode transfer

parking
location

car network
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Example Route Plans in Portland, Oregon

second person in household
4 ;”KL -
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Traffic Microsimulator

= Simulates the movement
and interactions of
travelers throughout a
metropolitan region’s
transportation system

* executes travel plans
provided by the
Route Planner

e computes the overall
Intra- and inter-modal
transportation system
dynamics

= combined traveler
interactions produce
emergent behaviors
(e.g., traffic congestion)

TRANSIMS

Traveler Events
traveler id, trip id, leg id
time, location
inconvenience measures
anomalies

events

Traffic
Micro-
Simulator

Snapshot Data
¢ vehicles on links
¢ vehicles in intersections

* traffic controls
vehicle sub-populations

Summary Data
link travel times
link/lane densities

turn counts
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Traffic Microsimulator: Algorithm

Network Data

partition network
over computational
nodes (CPNSs)

Traveler Events

{

Snapshot Data

Transit Data

gueue vehicles on

Summary Data

parkin%places

Traveler Plans

place travelers in
simulation

collect output

update traffic
signal states

let vehicles enter
intersections

perform lane
changes

let vehicles leave
intersections

let vehicles leave

transfer vehicles to
other CPNs

parkin%places

move vehicles
forward on links

let vehicles enter
> parking places

TRANSIMS
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Cellular Automaton Microsimulation

intersection with multiple
turn buffers (not internally
divided into grid cells)

single-cell vehicle

multiple-cell vehicle alEEEE

7.5 meter x 1 lane cellular
automaton grid cells aE, i
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Emissions Estimator

translates traveler
behavior into
consequent. . .

e air quality
e energy consumption
e pollutant emissions

produces estimates of
tailpipe and evaporative
emissions for light- and
heavy-duty vehicles as
a function of vehicle . . .

o fleet composition
e status
* dynamics

TRANSIMS

Emissions
Estimator

Emissions Inventor

* CO, NO,, non-methane
hydrocarbons, particulate
matter

* CO,, fuel consumption

* 30 meter resolution along

road segments

15 minute resolution in time

MODELS3 Database
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Emissions Estimator: Algorithm

estimate heavy-duty
tailpipe emissions via
West Virginia model

m infer types of
throttling from gaps in

front of vehicles

Emissions
Inventory

estimate fuel
evaporation via
Mobile 5 & Mobile 6

Microsimul-
ator Output

algorithms MODELS3
External infer smooth vehicle Database
Data Sets trajectories+
estimate light-duty
tailpipe emissions via
Network Data Riverside / Michigan
modal emissions
model
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Output Visualizer

two or three
dimensional
presentation

static or
animated view

Interactive or

batch mode

individual or
summary display
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= allows an analyst to
view and animate data
generated by any other
TRANSIMS module

= provides a unified and
flexible means for
exploring the
voluminous output data Output
potentially available Visualizer




Example Output Visualization

TRANSIMS Visual
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Population

Synthesiz

software modules

Selector
Statistics

iteration data files

TRANSIMS

arepdn/abiaw

A
>

software tools

‘u0s ‘I

Building Blocks in the TRANSIMS Framework

new activities

recalculate
emissions

resimulate
travelers

_—
replan
travelers reassign ew plans
“a\,e\ers
data flows

Emissions
Inventory

simulation data files
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One Realization of TRANSIMS

Synthetic
Population

Population _
Synthesizer

U,
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| Route z38 :
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@ | travelers - 3 Iteration
=
b P o= 3 Database
=+ =
o | @
= |
|
= |
Traffic Micro- 2360 !
> . e N —
resimulate simulator new output 3 _% 3 update | |
travelers e : Traveler :
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emissions N

Selector
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Infrastructure Comparison, Simulation Uncertainty,
and Network Reliability
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Equity Studies

(a) Non-Galleria Travelers (b) Galleria Travelers
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Simulation of Probability of Accidents

Probability of
— P(dec) Emergency Braking  P(dec)
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Epidemic Simulation (EpiSims)
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Ad-Hoc Communications Networks (MobiSim)

Tirnmwp: 0

Time = |

Time = |

Timsawp 10D

Trm=arp 00

Time = &

Time = 1%

TRANSIMS
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Ongoing and Future Research

computer science
« parallel algorithms
» large data set compression & distribution
e pattern recognition
 visualization
« computational complexity and algorithms
= theory of simulation
* sequential dynamical systems
» dependency graphs
» coupled/nested simulations
= complex systems
* emergent behavior
= feedback studies
e uses: convergence, stabilization, modeling
» approaches: control theory, game theory, information theory
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